In this study the evolution of the retrogression and reaging (RRA) heat treatment process on microstructure and mechanical properties of AA 7075 Al-alloys which produced by semi-direct chill (DC) casting process were investigated. Al-Zn-Mg-Cu alloys were homogenized at different heat treatment conditions, aged at 120°C for 24 h (T6), and retrogressed at 180°C for 30 min then re-aged at 120°C for 24 h (RRA). The results showed that this three-step process of the heat treatments, the mechanical properties of alloys was substantially improved. The highest ultimate tensile strength and Vickers hardness attained for the retrogression and re-aging about 530 MPa and 223 HV respectively. The precipitation strengthening is responsible about improve the strength under impact the retrogression and re-aging process.
Introduction
Al-Zn-Mg-Cu (7xxx series) aluminum alloys have been widely used in aircraft structure material because of their high strength/density ratio [1] . So far, the most of researches on aluminum alloys are focusing on the forming at the solid state. The accept precipitation sequences for the 7000 series aluminum alloys are as follows: supersaturated solid solution (SSS)coherent GP zones  semi-coherent intermediate (MgZn 2 )incoherent stable ( MgZn 2 ). This series of aluminum alloys provide high strength in the T6 temper but are prone to different types of corrosion [2] . In order to compromise the mechanical strength and corrosion resistance, it has replacement of the conventional two-step heat treatment for these alloys by a three-step heat treatment have been proposed. It is called the retrogression and reaging heat treatment (RRA), which has been shown to offer a stress-corrosion resistance as good as the T76 heat treatment, while offering strength comparable to the T6 temper [3] . The RRA treatment is consists, the first step the aging then the retrogression temper, followed by water quenching at room temperature and the final step the reaging treatment equivalent to original the T6 temper. These steps result in the formation and growth of (MgZn 2 ) precipitates along the grain boundaries [4] . However, the majority previous studies indicate to the production of Aluminum alloys (7xxx) by the conventional casting techniques followed by the T6 temper. The goal of the present study is to examine effect the retrogression and reageing process, and semi-direct chill casting technique on the microstructural and mechanical properties of AA7075 Al alloy.
Experimental procedures
The present study was carried out on AA7075-O aluminum alloys slabs provided by A. G. AEROSPACE. The nominal composition of the study alloy is listed in Table 1 . The chemical composition analysis was carried out using the arc-spark spectrometer. Aluminum alloy was re-melted in a graphite crucible at 830°C in electrical resistance furnace. The samples were produced by a semi-direct chilling casting conducted in cylindrical iron steel mold. After casting, the alloys were homogenizing treated according to Table 2 . After quenching, the extrusion process was performed on the casted bars. In this study all extruded samples were tempered according to the procedure of T6 and RRA temper in Table 2 . After each step of the heat treatment specimens were quenched in cold water. Microstructures characterizations; were analyzed by the optical microscopy, scanning electron microscopy coupled energy dispersive X-ray and Xray diffraction. The specimens were ground and polished according to ASTM E3-01. The grain sizes analysis was carried out using the linear intercept method. Vickers hardness microhardness measurements were carried out on the specimens according to ASTM E92-82.The tensile test specimens was prepared according to ASTM B557M-02a. 
Results
The optical graph in Fig.1 shows the microstructure of the as-quenched Al-alloy. It consists of primary dendrites of aluminum-rich solid solution and an interdendritic network of intermetallic compounds around the primary grains. However, semi-DC casts have fine equiaxed grain structure throughout their entire cross sections of average grain size of about 45m. The grain refinement is attributed to the effectiveness of the nucleation rate during solidification. Studies on conventional casting conducted by Yongdon et al, [5] gave grain size of about 250m for as-casted Al-Zn-MgCu alloy. The optical micrographs of the microstructures for the samples underwent hot extrusion combined with T6 temper and RRA process are shown in Fig. 2 (a) and (b) respectively. It indicated that the average grain size for the sample of alloy through extrusion combined with T6 about 35m. The reduction in the grain size for the sample was a consequence of the extensive hot extrusion process. The different X-ray diffraction patterns for the samples; as quenched, T6 and RRA in Figure 3 . It observed as quenched alloy is composed of -(Al) and secondary phases which were mainly; TAlMg 4 Zn 11 , S-Al 2 CuMg, Al 23 CuFe 4 ,-MgZn 2 and -Mg 2 Zn 11 phase. The main precipitations in the matrix are GP zones and -Mg 2 Zn 11 phase after T6 temper and the XRD plot for it reveal the existence increasingly in  and phase which precipitates. The XRD plot of sample at the RRA processed, the MgZn 2 and Mg 2 Zn 11 phases peaked high. The GP zones abundant and  phase which are re-dissolved during the early stages of the retrogression step [1] . The number of the nucleus the GP zones and  phase that can promote re-precipitation in the re-ageing step and they are increasingly according to XRD results. The SEM in Fig. 4 (a) depicts the microstructure of the asquenched sample. The dark areas are the primary solid solution, and the bright areas are the nonequilibrium eutectic in encircled region which appears as a lattice pattern at high magnification in Fig.4(c) .The dispersal gray particles represents the stoichiometry close to T and S phases as in the EDX analysis in Fig.4 (b) .
Advanced Materials Research Vol. 925 259
The SEM and EDX scan analysis in Fig. 5 depict the microstructure of the T6 sample. The SEM image shows that the precipitates (bright spots) exist in the matrix as clarified by the supplemented magnified image in Fig. 5(c) . The EDX scan analysis reveals that the stoichiometry close to the TAlMg 4 Zn 11 , S-Al 2 CuMg, -MgZn 2 , -Mg 2 Zn 11 phases and AlCuFe phase as shown in Fig.5 (b) . The SEM image in Fig. 6 (a) shows that the precipitates exist in encircled region in the matrix as support by the supplemented magnified image in Fig .6(c) . The EDX scan in Fig. 6 (b) reveals the stoichiometry close to the T, S,  andphases.
Figure (7) show the results of the strength levels through different heat treatment conditions for the specimens of the alloy examined in this study. After performing the T6 and RRA treatments on the alloy, maximum gain (330 and 350) MPa, were attained in UTS for alloy samples respectively. The variation in Vickers hardness for the alloy samples in Figure ( 
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Discussion
The results the improvements in the yield strength, ultimate tensile strength and Vickers hardness for 7075 aluminum alloy after T6 temper and the RRA processes were attained. The strengthening mechanism of ageing T6 in the Al-Zn-Cu-Mg alloy is attributed to the precipitation hardening, effects of the Guinier-Preston zones coherent with nanometer sized  metastable precipitates. These precipitates act as pinning centers to prevent dislocation movements as indicated by [6] [7] . The YS and UTS of the alloy sample after the RRA process showed a distinguished improvement as opposed to that of the T6 temper specimens as in the former results. This improvement is attributed to the partial dissolution of the pre-existing GP zones and the  phase. The GP zones can act as nucleation sites for  particles and the remaining the  phase carries on growing during the RRA process. Additionally, the and  phases are increasingly after RRA process more than that attainted by the T6 as in former indications of XRD and EDX analysis. This augments of the ,  phases after the RRA process more than that attained by the T6 thus the highest the strength of alloy sample under the RRA process .
Conclusions
The outcome of the casting technique showed that the refinement and fine equiaxed grains of average size 45m much better than the conventional casting processes for the production AA7075 Al-alloys. Besides the examine microstructure indicated the phases of alloy such as T-AlMg 4 Zn 11 , S-Al 2 CuMg, MgZn 2 and Mg 2 Zn 11 which affect as the strengthening phases. Moreover, the increment increase in the strength for the alloy samples after T6 temper and RRA process in the present study due to the precipitation hardening. The RRA process improved the yield strength even more than what the T6 temper did; it pushed the ultimate tensile strength to a higher level. UTS of 530 MPa and Vickers hardness of 223 were attained by the application of this process.
